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摘      要 
 
PS/γ-分泌酶负责老年痴呆症相关蛋白 β 淀粉样蛋白前体蛋白（APP）、信
号转导受体 Notch 和其他 I 型跨膜蛋白的剪切， 其组成单位至少有四种：





的结合位点。点突变和胶迁移实验揭示 AP4 和 HIF-1 结合到 APH-1A 启动子
上，而 CREB 结合到 PEN-2 启动子上。进一步的研究表明，由 forskolin 激活的
CREB 显著地促进 PEN-2 mRNA 和蛋白质的表达，而对 γ-分泌酶的其他组分没
有影响。通过 NiCl2 处理（一种模拟缺氧的化学条件）激活 HIF-1， APH-1A 
mRNA 和蛋白质的水平显著增加，而 PEN-2 和 PS1 的蛋白水平只是在长时间的
NiCl2 处理条件下才会增加。更为重要的是，APP 蛋白酶解的各种代谢产物的水
平在 forskolin 或者 NiCl2 处理的条件下也发生了改变。总之，我们的结果表
明，APH-1A 和 PEN-2 的转录分别受 HIF-1 和 CREB 的特异性调控，并且这种
调控的特异性可能赋予 APH-1 和 PEN-2 其他特有的生理功能。 




























The intramembrane proteolytic cleavages of Alzheimer’s β-amyloid precursor 
protein (APP) and signaling receptor Notch are mediated by the PS/γ-secretase 
complex, which comprises of presenilins (PS, including PS1 and PS2), nicastrin 
(NCT), APH-1 and PEN-2. Although the four components have been shown to 
coordinately regulate each other at the protein level, information regarding their 
transcriptional regulation is scarce. In the present study, we characterized upstream 
regions of the human PEN-2 and APH-1A genes and identified sequences critical for 
their promoter activity. Sequence analysis of these regions revealed several potential 
transcription factor binding sites. Site mutations and gel shift assays showed that 
CREB binds to PEN-2 promoter, whereas AP4 and HIF-1 bind to APH-1A promoter. 
Furthermore, activation of CREB by forskolin treatment dramatically promoted the 
expression of PEN-2 mRNA and protein, but not the expression of the other three γ-
secretase components. Activation of HIF-1 by nickel (chemical hypoxia) significantly 
promoted the expression of APH-1A mRNA and protein; whereas increased protein 
levels of PEN-2 and PS1 were only observed after chronic nickel treatment. 
Importantly, the levels of various proteolytic metabolites of APP were also altered by 
forskolin or nickel treatment. Together, our results demonstrate the differential 
transcriptional regulation of PEN-2 and APH-1A expression, and suggest additional 
physiological functions uniquely assigned to PEN-2 and APH-1A.  
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英文缩写 英文全名 中文名称 
AD Alzheimer’s disease 老年痴呆症；阿尔茨海默症 
AICD APP intracellular domain  
AP1 activator protein 1  
AP4 activator protein 4  
APH-1 anterior pharynx-defedtive 1  
APP beta-amyloid precursor protein β-淀粉蛋白前体蛋白 
ATF6 Activating transcription factor 6  
Aβ beta-amyloid β-淀粉样蛋白 
Asp2 aspartyl protease 2  
BACE beta-site APP cleaving enzyme  
CTF C-terminal fragments  
cDNA complementary DNA 互补脱氧核糖核酸 
CREB cAMP-responsive element binding protein  
DMEM Dulbecco’s Modified Eagle’s Medium Dulbecco’s 的改良 Eagle’s 培养基 
gDNA genome DNA 基因组脱氧核糖核酸 
EDTA Ethylenediamineteraacetic acid 乙二胺四乙酸 
ER Endoplasmic Reticulum 内质网 
GSA gel Shift Assays 胶迁移分析 
HIF-1 hypoxia inducible factor-1  
memapsin2 
 
membrane anchored protease of the pepsin 
family 
 
mRNA Messenger RNA 信使 RNA 
NCT nicastrin  
NFAT nuclear factor of activated T-cells  
NFT neurofibrillar tangles 神经元纤维缠结 
NICD Notch intracellular domain  
NTF N-terminal fragments  
PBS Phosphate-buffered saline 磷酸盐缓冲液 
PCR Polymerase Chain Reaction 聚合酶链式反应 
PEN-2 presenilin enhancer 2  
PHF paired-helical filament  
RACE Rapid Amplification of cDNA Ends  
rRNA Ribosome RNA 核糖体 RNA 
siRNA Small interference RNA  
UTR untranslation region 非翻译区 
TACE tumor necrosis factor-α converting enzyme  
TGN trans Golgi network 高尔基体反面的网状结构 




























前      言 
 
 
1、老年痴呆症(Alzheimer’s disease, AD)  
AD 是一种与年龄相关的、进行性的、神经退行性的痴呆性疾病[1]。AD 患
者表现为记忆力的逐渐衰退，认知能力、推理判断能力的下降，这些功能的紊
乱表现出不可逆转性。AD 患者多发生在 65 岁以上的人群中，据统计在该年龄
阶段的人体中有约 10%的人，85 岁以上的人群中有约 50%的人患有此病；不过
也有一些阿尔茨海默病，65 岁以前发病，所以又称早发性老年痴呆症，发病率
不高（<2%）。尽管大多数的 AD 病例是“散发性的”，也就是说，AD 的发生没
有明显地遗传特征，但是，也存在具有明显遗传特征的 “家族性的 ”AD
（Familial form of AD，FAD），常常表现为早发性老年痴呆症。虽然 FAD 病例
比较少见，但是它们为探讨 AD 的病理学机制提供了宝贵的材料。 





filament，PHF），由高度磷酸化的微管相关蛋白 tau 组成[2, 5]。Tau 的高度磷酸化





种假说为多数学术界人士认可： neuronal cytoskeletal degeneration hypothesis 和
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